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(57) ABSTRACT

Disclosed are improved granular pharmaceutical prepara-
tions, together with improved methods and apparatus for
preparation of granules for use in such preparations. Such
methods are especially useful for making granules for solid
oral dose pharmaceutical preparations, and are particularly
suited to the production of granules comprising 5-aminosali-
cylic acid (5-ASA) for the treatment of inflammatory bowel
disease. The granules exhibit a more sharply peaked length
distribution, and hence aspect ratio distribution, and have a
consequently much sharper dissolution profile after further
processing.
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1
GRANULES FOR PHARMACEUTICAL
PREPARATIONS, METHODS AND
APPARATUS FOR THEIR PRODUCTION

FIELD OF THE INVENTION

The present invention relates to improved granular phar-
maceutical preparations, together with improved methods
and use of an apparatus for preparation of granules. Such
methods are especially useful for making solid oral dose
pharmaceutical preparations, for instance those comprising
granules having an active pharmaceutical ingredient of which
the release rate needs to be predetermined (controlled) and are
particularly suited to the production of granules comprising
S-aminosalicylic acid (5-ASA) for the treatment of inflam-
matory bowel disease.

BACKGROUND OF THE INVENTION

Many drugs are commonly employed in a granular form for
preparing medical formulations, e.g. solid oral dosage forms.
Beside the drug, the granules may comprise excipients such
as surfactants, diluents, or disintegrating agents. Granules
containing active pharmaceutical ingredients (API) can be
coated subsequent to the granulation. By careful choice of the
coating it is possible to control how fast and in what part of the
digestive system the drug is released. In addition to the coat-
ing, controlling the physical characteristics of granules, such
as size, roughness, morphology and porosity, is important as
these parameters at least partly determine the amount of coat-
ing to be used.

Several approaches exist to produce granules of desired
properties. These approaches generally involve an initial step
of manufacturing granules followed by a unit operation aimed
at sorting the produced granules according to size, in order to
obtain only those granules within a required size range.
Granulates can be produced by either building up particles
from an initial seed or by breaking down a larger material into
smaller sized particles. Often, cylinder-shaped granules are
subjected to a spheronisation process, which produces spheri-
cally shaped particles, i.e. particles which for instance roll
randomly as there is not or no longer just a single axis around
which the particle can roll. A non-spheronised cylinder-
shaped granule is characterised by the presence of a single
axis around which the granule can roll. In the art, spheronised
granules may also be referred to as pelletised granules or
pellets. Dedicated apparatuses exist for spheronising or pel-
letising granules.

Typical operations employed in sorting the granules
(spheronised or not) are fluidised beds or various types of
sieves. However, the currently utilised procedures suffer from
a number of weaknesses as will be discussed below.

W02002/03089 describes devices for sorting pharmaceu-
tical particles based on fluidisation principles. The housing
chambers employed in these devices are equipped with rotat-
ing filters intended to retain particles larger than a desired
minimum while the rotation of the filter portions will prevent
clogging of the filter with (undesired) fine particles unavoid-
ably formed during the preparation process. Application of
fluidised beds for separation of particles is mainly useful for
separating particles with aspect ratios close to 1, as the par-
ticles will tend to align with the fluidising stream in a way to
minimise friction, i.e. longer particles can generally not be
effectively separated from shorter particles with comparable
widths.

US2004/0033266 discloses methods to obtain pharmaceu-
tical particles of so-called monomodal size distributions. This
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is achieved by ultrasonicating large agglomerated particles
resting on a screen with a mesh aperture size defining the
intended particle size. The ultrasonication will break down
the agglomerates into smaller particles which will then pass
through the apertures and be collected on another screen with
smaller holes. The methods are optimally suited for crystal
agglomerates, which are held together by electrostatic inter-
actions. The methods are much less suited for more complex
types of particles or granulates, or those with aspect ratios
significantly different from 1.

US2005/0269433 discloses integrated processes for pro-
ducing granules from dry powders. Granulates produced in an
early step of the process are milled and sorted in an interme-
diate, semi-dry state which is advantageous when the inter-
mediate is size separated using screens or sieves. However,
size separation through sieves has a problem similar to that of
fluidised beds: particles can pass through the holes if their
smallest dimensions are below those of the holes, and all but
very long particles will eventually pass through the sieve.
Accordingly, sieving methods fail to discriminate moderate
to high-aspect-ratio particles from low-aspect-ratio particles.

Some previous methods for production of drug-containing
granules, such as those described in application WO2003/
032952, rely on the extrusion of a wet mass containing the
drug and a suitable binder through a screen with a desired size
of holes followed by drying and milling to produce a granu-
late. Separation according to size is then typically performed
using sieves. The sieves are arranged to mechanically vibrate
to enhance the probability that long granules will pass the
sieve whilst moving through the sieve in their length direc-
tion. The sieved granulates in this class of process are as a
consequence thereof generally observed to possess a rela-
tively wide granule length distribution. Such a phenomenon is
due to the above-noted characteristics of sieving methods.
These distributions are nevertheless generally regarded as an
acceptable limitation by those skilled in the art. As the sieve
cannot discriminate on the basis of the lengths of the granules,
it follows that the distributions are effectively width distribu-
tions. This has for a long period of time not been recognized
in this field.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is
provided a pharmaceutical preparation comprising granules
of' which each has an active pharmaceutical ingredient and of
which each has a predetermined axis and the same predeter-
mined cross-sectional profile, wherein at least 80% by num-
ber of those granules, preferably 85%, most preferably 90%
have an aspect ratio less than 2.2, preferably less than 2.1,
most preferably less than 2. Each of these percentages is
understood to embrace percentages within plus/minus 10%.
Atleast 80% is therefore also considered to include 70%. It is
possible that each of those granules has the same active phar-
maceutical ingredient.

It is further also possible that those granules form at least
10% by number, 30% by number, 50% by number, 70% by
number, 90% by number, or even 100% by number of the
pharmaceutically active granules of a single dose of the phar-
maceutical preparation.

The granules referred to above are considered to be non-
spheronised.

Spheronised granules are considered to have sphere-like
shapes and no angular or edge-like features. Often, a sphero-
nised granule rolls randomly as there is not or no longer just
a single axis around which the granules can roll. Non-sphero-
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nised granules possess angular or edge-like features to the
extent that rolling around more than one axis is not possible.

Preferred embodiments of the first aspect of the invention
are provided wherein at least 80% by number of those gran-
ules, preferably 90%, most preferably 95% have an aspect
ratio greater than 0.7, preferably greater than 0.9, most pref-
erably greater than 1.0. Presently preferred embodiments of
the first aspect of the invention are provided wherein those
granules have a median aspect ratio above 1.0, preferably
above 1.1, most preferably above 1.2, and below 1.7, prefer-
ably below 1.6, most preferably below 1.5. Preferred embodi-
ments of the first aspect of the invention are provided wherein
those granules have a span of the aspect ratio less than 0.9,
preferably less than 0.8, more preferably less than 0.7, even
more preferably less than 0.6, most preferably less than 0.5.

It is preferable that at least one of the numerical descrip-
tions provided above applies to all the granules of the prepa-
ration, or where applicable, at least to those having an aspect
ratio greater than 1.

In each case, such embodiments are able to exhibit a more
controlled and reproducible dissolution profile, that is, a
greater majority of granules dissolve within a given time
window after immersion in solvent, and a smaller proportion
of granules dissolve outside this window. Such embodiments
can release the majority of their active ingredient after a
well-defined interval and are thus especially suited to appli-
cations where a well defined release after immersion in a
solvent is required, such as in oral dose pharmaceuticals.

Further, pharmacologists prefer to have a well-defined and
preferably narrow aspect ratio distribution, so that further
processing, transporting, etc. can more easily be modeled and
present less fluctuations which would otherwise be caused by
some of the extremely large (or small) granules in the tails of
the distribution.

Preferred embodiments of the first aspect of the invention
are provided wherein the smallest cross-sectional dimension
is between 0.25 mm and 2.5 mm, preferably between 0.5 mm
and 2 mm, most preferably between 0.6 mm and 1.8 mm. In
a very suitable embodiment, the smallest cross-sectional
dimension is fixed at 0.95 mm

Such embodiments are particularly suitable for the produc-
tion of convenient dose forms including oral dose forms such
as tablets, sachets and filled capsules.

Possible dosage forms which are envisaged by the present
application are—in addition to the above-mentioned gran-
ules—tablets, capsules, sachets or pills. The granules can be
used as such as a preferred dosage form, can be filled into
capsules or sachets or can be further compressed into tablets
or pills.

Further dosage forms which are also encompassed by the
present application are drinks or syrups, elixirs, tinctures,
suspensions, solutions, hydrogels, films, lozenges, chewing
gums, orally disintegrating tablets, mouth-washes, tooth-
paste, lip balms, medicated shampoos, nanosphere suspen-
sions and microsphere tablets, as well as acrosols, inhalers,
nebulisers, smoking or freebase powder forms and dosage
forms for topical application like creams, gels, liniments or
balms, lotions, ointments, ear drops, eye drops and skin
patches.

Further encompassed are suppositories which can be used
e.g. rectally or vaginally. All these dosage forms are well-
known to a person skilled in the art.

Preferred dosage forms according to the present invention
are granules, coated granules, tablets, pellets, suppositories
and emulsions. Even more preferred are granules and tablets.

Most preferred embodiments of the present invention are
represented by granules, either per se or filled in e.g. a sachet
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4

or a capsule or granules further processed to a tablet or pill.
The granules of the present invention can all be further pro-
cessed (e.g. dissolved), as late as shortly before administra-
tion, into any one of the above-mentioned dosage forms.

In the following, the present specification will focus on the
description of “granules”. However, whenever reference is
made to “granules” this term shall encompass all further
possible dosage forms as known to a person skilled in the art
and in particular those as mentioned above as well.

Preferred embodiments of the first aspect of the invention
are provided wherein the granules comprise one or more
active pharmaceutical ingredients and, optionally, one or
more pharmaceutically acceptable excipients, such as fillers,
binders, etc.

The granules of the present invention can comprise any
possible active ingredient which shall be formulated into a
pharmaceutical composition. As the present invention is con-
cerned in particular with the provision of improved properties
of'the resultant granules—independent of the actual pharma-
ceutical ingredient used—the invention does not depend on
the selection of the actual active ingredient.

Just as an example, possible active ingredients in that con-
text could be selected from anti-inflammatory compounds,
anti-cancer compounds, anti-diabetes compounds, cardiovas-
cular compounds like compounds for the treatment of high
blood pressure, antibiotics, compounds for the treatment of
infertility and compounds for the treatment of neurodegen-
erative disorders.

In a particularly preferred embodiment, the active ingredi-
ent would be an ingredient which should be delivered with a
controlled, e.g. a delayed release. That is, the granules of the
present invention comprising such an active ingredient might
be provided with a coating, or at least a number of those
granules might be provided with a coating. Thus, in a pre-
ferred embodiment the present invention is directed to gran-
ules with coatings and in particular to granules comprising
active ingredients which shall be released in a controlled
manner, whereby these granules have a coating.

More preferred, this coating is a pharmacologically accept-
able coating and it is particularly preferred that the coating is
an enteric coating, a prolonged release coating or a delayed
release coating; all such coatings are well known to a person
skilled in the art.

As examples, but by no means restricting the present inven-
tion, active ingredients which could be provided in such gran-
ules for controlled release, which comprise a coating, could
be selected from nateglinide (Starlix®), metoprolol (Seloken
ZOK®) and esomeprazole (Nexium®).

Even more preferred, the present invention encompasses
ingredients which are anti-inflammatory pharmaceutical
ingredients. Particularly preferred are aminosalicylic acid or
pharmacologically acceptable salts or esters thereof, thus
being encompassed by the scope of the present claims. Even
further preferred embodiments of the invention are provided,
wherein the aminosalicylic acid is 5'-aminosalicylic acid
(5-ASA). This pharmaceutical product is often referred to as
PENTASA, of which a tablet (500) would, for instance, con-
tain 500 mg 5-ASA. Non-medical ingredients are micro crys-
talline cellulose, ethylcellulose, magnesium stearate, povi-
done, and talc.

In that context, whenever reference is made in the follow-
ing to a “pharmaceutical ingredient” or an “active ingredi-
ent”, it shall be noted that both terms can be used interchange-
ably; both always encompass the possibility of using a
pharmacologically acceptable salt or ester thereof.

Such embodiments are advantageous in improving the
integrity of the dose form in manufacture, storage and use.
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Preferred embodiments of the first aspect of the invention
are provided wherein the pharmaceutical preparation is suit-
able for treating inflammatory bowel disease. Further pre-
ferred embodiments of the first aspect of the invention are
provided wherein the pharmaceutical preparation is suitable
for treating ulcerative colitis, Crohn’s disease, dyspepsia,
high blood pressure, diabetes type I or 11, neurodegenerative
disorders, inflammatory disorders, cardiovascular disorders,
or cancer. As mentioned above, any active ingredient can be
formulated by the present invention; thus, the active ingredi-
ent does not limit the scope thereof, which is defined only by
the scope of the claims.

Such embodiments are of particular utility and exhibit
improved properties when compared with other commonly-
available treatments for such conditions.

Preferred embodiments of the first aspect of the invention
are provided wherein the granules are compressed into a
tablet. Other preferred embodiments of the first aspect of the
invention are provided wherein the granules are enclosed
inside a sachet. Yet other preferred embodiments of the first
aspect of the invention are provided wherein the granules are
enclosed inside a capsule.

According to a second aspect of the present invention there
is provided a method of producing a pharmaceutical prepa-
ration comprising the steps of producing granules having a
predetermined cross-sectional profile and a predetermined
axis; sorting the granules into at least one fraction according
to their aspect ratio; and selecting for further processing those
granules in a given fraction or given fractions. The step of
sorting the granules is effected by passing the granules
through a length separator.

Such embodiments are able to produce granules which are
non-spheronised and which exhibit a more controlled and
reproducible dissolution profile, and are thus especially
suited to applications where a well defined release after
immersion in a solvent is required, such as in oral dose phar-
maceuticals.

The granules may form at least 10% by number, 30% by
number, 50% by number, 70% by number, 90% by number, or
even 100% by number of the pharmaceutically active gran-
ules of a single dose of the pharmaceutical preparation.

In preferred embodiments of the second aspect of the
invention, the length separator comprises a surface having
cavities formed therein, the surface being arranged to follow
a predetermined path such that a granule on the surface hav-
ing a predetermined relationship between the dimensions of a
given cavity and the length of the granule will fall and be
classified into a given fraction.

Such embodiments are especially effective at rapidly and
effectively achieving the required granule distributions on
laboratory and production scales. Such embodiments are able
also to achieve a continuous, rather than discontinuous, pro-
cess, and can produce improvements in yield and process
time.

Preferred embodiments of the second aspect of the inven-
tion are provided wherein the granules are prepared by: pass-
ing a homogenised wet mass through an extruding screen
having apertures with predetermined dimensions formed
therein; and comminuting the extruded mass to form gran-
ules.

Such embodiments are convenient to form on production
scales and allow well-defined aspect ratios to be determined.

Preferred embodiments of the second aspect of the inven-
tion are provided wherein the surface is a cylinder, the pre-
determined path is rotary about the axis of the cylinder, and a
receptacle for collecting the granules to be classified into a
given fraction is positioned off-axis of the cylinder.
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Such embodiments are able to be applied to large quantities
of granules without requiring a large equipment footprint.

In preferred embodiments of the second aspect of the
invention the cylinder is arranged to rotate at less than 1
revolution per second. Preferred embodiments of the present
invention are provided having an inner diameter of between
10 cm and 200 cm. Particularly preferred embodiments are
provided wherein the cylinder is arranged to rotate at periph-
eral surface speeds of less than 1 m/s.

Such embodiments are able to produce a particularly
improved granule aspect ratio distribution, and may also
improve the time in which for a certain number of granules a
preferred aspect ratio distribution is reached.

In preferred embodiments of the second aspect of the
invention, the cavities of the surface are each suitable for
hosting a single granule of predetermined dimensions.

Such embodiments are able to particularly effectively
extract well-defined fractions of granules.

Preferred embodiments of the second aspect of the inven-
tion are provided wherein granules not selected for further
processing are further again comminuted and subsequently
further again sorted according to their aspect ratio. Particu-
larly preferred embodiments of the second aspect of the
invention are provided wherein the granules not selected for
further processing are further again sorted in the same process
as the sorting of the granules in an earlier step of sorting.

Such embodiments allow a reduction in waste and
improvement in usable yield, and in particularly preferred
embodiments permit such an improvement in yield without
significant increase in apparatus footprint.

According to a third aspect of the present invention, there is
provided ause of a length separator in a method for producing
a pharmaceutical preparation, wherein the use occurs during
selecting granules of which each has a predetermined axis
and the same predetermined cross-sectional profile and of
which at least a number have an active pharmaceutical ingre-
dient. Preferably, each of the granules has an active pharma-
ceutical ingredient, and even more preferably, that active
pharmaceutical ingredient is the same for each of the gran-
ules. The granules are non-spheronised granules. In a pre-
ferred embodiment, the method for producing a pharmaceu-
tical preparation comprises applying a coating to selected
granules so that the active pharmaceutical ingredient is
released with a predetermined rate. Preferably, the length
separator comprises a surface having a number of identically
preshaped cavities formed therein. Each cavity is suitable for
hosting a single granule. The surface is arranged to follow a
predetermined path, so that a granule initially kept in a cavity
will fall out of the cavity at a position along the predetermined
path. That position depends on the length of the respective
granule. The use of this particular length separator allows for
an efficient and straightforward way of separating granules
having a length shorter than a predetermined length. It is
possible to set the predetermined length such that the selected
granules are no longer likely to fracture up into smaller gran-
ules. Accordingly, the amount of total surface area of the
granules is stable in that it will not significantly alter during
further processing. On that basis it is possible to apply a
coating to a large batch of the selected granules, such that a
coating has a predetermined thickness and the release rate of
the active pharmaceutical ingredient can accurately be con-
trolled.

The selected granules may form at least 10% by number,
30% by number, 50% by number, 70% by number, 90% by
number, or even 100% by number of the pharmaceutically
active granules of a single dose of the pharmaceutical prepa-
ration.
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BRIEF DESCRIPTION OF THE DRAWINGS

To better explain the claimed invention, and to show how
the same may be carried into effect, reference will now be
made, by way of example only, to the accompanying Draw-
ings, the contents of which are described in the following
paragraphs.

FIG. 1 shows schematic representations of an example of a
length separator showing:

a) the working principle (in cross-section);

b) an enlarged section of the separator shown in a); and

¢) an example showing a collector, here in the form of a

trough comprising an upper stationary part receiving the
selected granules and a slightly sloped lower vibrating
part conveying the selected granules towards an outlet.

FIG. 2 discloses granule length distributions by count of
two batches of uncoated 5-ASA granules according to the
measurement protocol given below (left axis: relative distri-
bution; right axis: cumulative distribution).

FIG. 3 illustrates granule length distributions of 5-ASA
granules separated in a cavitied cylinder separator with cyl-
inders with cavities of:

a) 1500 pum diameter (PTD-X05-255=cylinder fraction;
PTD-X05-254=trough fraction);

b) 1750 um diameter (PTD-X05-257=cylinder fraction;
PTD-X05-256=trough fraction); and

¢) 2000 pm diameter (PTD-X05-259=cylinder fraction;
PTD-X05-258=trough fraction), respectively (left axis: rela-
tive distribution; right axis: cumulative distribution).

FIG. 4 shows photographs of granules sorted using a cavi-
tied cylinder separator where (a) is the trough fraction and (b)
the rotating cylinder fraction.

FIG. 5 shows granule length distributions for:

a) current production; and

b) granules obtained by the cavitied cylinder separator
using a cylinder with a cavity size of 2000 pm and tear-drop
shaped cavities

(left axis: relative distribution; right axis: cumulative dis-
tribution). In FIG. 5a, full lines represent granule length dis-
tributions before the coater; dashed lines represent granule
length distributions after coating. In FIG. 55, dashed lines
represent granule length distributions before the coater; full
lines represent granule length distributions after coating. The
dotted vertical line indicates the exemplary desired maximum
size of the granules, 2000 um).

FIG. 6a is a probability plot comparing the distribution of
the dissolution data at 90 minutes of a comparative sample of
coated granules (“PENTASA tablet granules™) and a sample
of classified and coated granules prepared in accordance with
the present invention (“PENTASA 95% sachet”).

FIG. 6b shows a representation of the statistical signifi-
cance, by means of the “F-test”, of the distribution data dis-
played in FIG. 6a.

FIG. 7 shows the aspect ratio distribution of a sample of
fractionated and unfractionated granules of PENTASA com-
positions, together with comparative data for the granules of
Example 5.

DETAILED DESCRIPTION OF THE INVENTION

Without wishing to be bound by any particular theory or
explanation of the advantages of the present invention, in the
making of the present invention it was observed that granules
comprising an active pharmaceutical ingredient tend to frag-
ment during the coating process, particularly when the gran-
ules have a relatively large aspect ratio. One can easily imag-
ine that a long, rod-shaped granule, having a high aspectratio,
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will tend to fragment across the length direction during fur-
ther processing. Such behaviour is a feature of geometry, and
particularly of aspect ratio, provided that the major dimen-
sions of the granule are much larger than the microstructure of
the granule. On the other hand, short granules (of aspect ratio
less than 1) will tend to abrade on edges and faces during
processing to a slightly more spherical configuration. How-
ever, such abrasion, also referred to as attrition, is not consid-
ered to be a form of spheronisation, as the granules will not
reach a stage in which more directions for rolling become
available, or in which a dominant predetermined axis and/or
cross-section is not recognisable. The granules still have
edge-like features.

While some authors define aspectratio as ratio of longest to
shortest dimension, or of shortest to longest dimension, when
discussing an extruded granule having a predetermined axis
(e.g. the axis of extrusion) and being of defined cross-section
(e.g. the extrusion cross-section), it is most useful to define
aspectratio in terms of granule length along its predetermined
axis, i.e. the extrusion axis, divided by the smallest cross-
sectional dimension (the diameter in the case of particles
having a circular cross-section). In the present application, we
use this definition since it is the ratio between these dimen-
sions that is considered to have the greatest impact on fracture
properties. The present invention, however, has application
beyond extruded granules to any similarly-formed granules.

Typically, extruded granules and similarly-formed gran-
ules have a recognisable axis, for example an axis of rota-
tional or mirror symmetry, along which the cross-section
perpendicular to that axis is substantially similar, barring
broken corners or slight variations in the manufacturing pro-
cess, or even slight tapering of the granule toward one or both
ends. This is typically the extrusion axis in extruded granules.
In any similar bulk granules, it can also be defined as the axis
perpendicular to which the dominant cross-sectional profile is
substantially similar to that of the other granules. So, while
the granules may individually vary in length along such an
axis, they will all exhibit substantially similar cross-sections
perpendicular to it.

The term “similarly-formed granules” encompasses gran-
ules which have the characteristics of extruded granules in
terms of a predetermined axis and an identical predetermined
cross-sectional profile, even though these granules are
formed by a process that is different from extrusion. A moul-
ding technique could for instance impose a predetermined
axis and a predetermined cross-sectional profile onto a long
granule, which may after its production, fragment into shorter
granules in the same way as extruded granules do.

The term “predetermined axis” may be seen to refer to an
axis imposed on a granule to be formed even before the
granule is formed. The axis is predetermined in the sense that
it is determined by the apparatus used for forming a lengthy
fiber-like material prior to its fragmentation into granules. A
predetermined axis may thus be defined as an axis imposed
onto the granule to be formed before its formation in a granu-
lation process. A mold also imposes an axis onto a granule
before the actual formation of the granule.

A similar view may apply to the term “predetermined
cross-sectional profile”. It is imposed onto the granule before
its formation in a granulation process, by the apparatus used
for forming a lengthy fiber-like material, which results upon
fragmentation of that material into the granules.

It is clear that granules subjected to a spheronisation pro-
cess are not or no longer granules having a predetermined
cross-sectional profile.

It is particularly useful in considering the general teaching
of'this application to regard granules having a predetermined
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axis and the same predetermined cross-sectional profile to be
granules having a predetermined axis and, perpendicular to
that axis, the same predetermined cross-sectional profile at at
least three axially separated positions along that axis. Adopt-
ing such a definition can achieve the advantages of the inven-
tion whilst ensuring that granules with minor deformities and
irregularities fall within the scope ofthe present invention and
granules which are substantially spherical or irregular are
excluded from the definition.

If the aspect ratio as defined above is large, the granules
have rod, prism or cylindrical type geometry, and applied
forces are believed to tend to snap the granule at some point
along this axis, reducing its length but not substantially affect-
ing its cross-section. On the other hand, if the aspect ratio as
defined above is small, applied forces are believed to tend to
abrade or crush the granule, altering its cross-section. If the
aspect ratio as defined above is close to or less than one, the
probability of applied forces fracturing the granule along this
axis is believed to become low or minimal, and abrasion and
crushing may become the dominant fracture mode.

Accordingly, a definition of aspect ratio as given above is
considered to be both very useful for characterising the
present invention and understanding its behaviour, and is also
entirely consistent with aspect ratios less than 1, which are, in
other less useful definitions of aspect ratio, not defined. When
the length is longer than the largest of the cross-sectional
dimensions, however, this definition of aspect ratio becomes
identical to the alternative definition as largest dimension
divided by smallest dimension.

On the one hand, fragmentation of granules during coating
increases the overall surface to be coated. Hence, if a certain
amount of coating liquid, calculated for achieving a specific
coating thickness, is used, the resultant coating thickness is
reduced. On the other hand, if the fragmentation of granules
occurs towards the end of the coating process, the newly
generated granule surfaces tend to receive only a small
amount of coating or no coating, so that the overall dissolu-
tion properties of the granules will deviate from that for which
the amount of coating liquid was calculated. Moreover, the
dissolution profile is likely to become faster and less well-
defined, in that some of the granules will dissolve well in
advance of others, as those granules having received a lower
amount of coating on a freshly generated surface will dissolve
more rapidly. Such granules, in oral dosage forms, may
release their active ingredient undesirably early, e.g. in the
stomach rather than the intestine. As a result, it was concluded
that it is preferable to exclude granules exceeding a certain
length from the coating process in order, to accomplish a
more uniform coating of the granules.

Therefore, there is a need in the art for granules having
well-defined length distributions, and particularly granules
whose length distribution strongly disfavours granules hav-
ing an aspect ratio such that they fragment during further
processing, including coating. There is also a corresponding
need for methods and apparatus to separate granules for phar-
maceutical compositions according to their length so that a
well-defined length distribution of granules, and therefore a
well-defined dissolution and release profile for active ingre-
dients, may be obtained.

Embodiments of the present invention are of use in the
pharmaceutical field for producing granules comprising a
desired active pharmaceutical ingredient or even a combina-
tion of several active ingredients.

The granules used as starting material for the present
invention suitably have a common cross-sectional profile.
The three-dimensional shape may be cylindrical, ellipsoidal,
or any other shape desired, for example a triangular, rectan-
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gular or other polygonal prism. In the presently preferred
embodiments of the invention the shape is cylindrical, i.e. the
diameter of each granule is along its length essentially iden-
tical to the diameter of any of the other granules. Thus, only
the length dimension varies. However, the present invention
is also applicable to mixtures having a variety of profile
geometries in the granules, for example a mixture of circular
and hexagonal prismatic granules.

The granules are suitably produced by extrusion. The
extruder comprises a screen, which has numerous holes with
a diameter of between 0.6 and 1.8 mm, preferably 0.9 mm.
The thickness of the screen is between 0.9 and 2.0 mm;
preferably, the thickness of the screen is 1.5 mm. The holes
are arranged with a geometry which imparts the desired
cross-sectional profile to the extruded granules, for example
circular holes for producing cylindrical granules, or triangu-
lar holes for triangular prismatic granules. Each hole can have
the same cross-section through the screen or be tapered in
either direction, compared to any of the other holes. Prefer-
ably, the holes are tapered, each hole having a cross-section at
the inlet side of the screen that is larger than the cross-section
at the outlet side of the screen, the preferred outlet diameter is
0.9 mm and the preferred inlet diameter is 0.95 mm.

After the extrusion, the granules may be dried in a suitable
device. Advantageously, the drying device is a fluid bed.
However, other possibilities known by the skilled person may
also be used, such as oven drying, irradiation with e.g. infra-
red, ultraviolet or microwaves, and freeze-drying.

If a fluid bed is used, it may be designed in such a way that
the dwelling time in the fluid bed is approximately 2 hours.
However, shorter or longer times are also contemplated,
depending on the dimensions and composition of the gran-
ules. In some cases the fluid bed is separated in two parts. In
the first part the granules are dried on the surface to avoid their
sticking together. In this part a random mixing of the granules
takes place. In the second part of the fluid bed the final drying
takes place and the granules are guided through the fluid bed
by a suitable pattern of holes in the bottom plate of the fluid
bed.

When the granules are dry they are discharged from the
fluid bed and may be transferred to a mill to reduce the length
of'the granules. The milling process is preferably conducted
with a conical mill, however other milling types may be used,
such as bead mills, jet mills, blenders, or manual comminu-
tion. The milling may generate a small amount of fines that
may be removed by sieving before the granules are ready for
treatment in accordance with the present invention. However,
the present invention is also realisable without milling.

The wet mass employed in the production of the granules
used in the present invention may be prepared by any suitable
process depending among other factors on the specific active
pharmaceutical ingredient and the pharmaceutical formula-
tion. The exact composition of the wet mass will determine
the parameters of the extrusion and optional drying step;
selection of suitable parameters is well within the capacity of
those skilled in the art.

It is also conceivable that the wet mass, as extruded into
fiber-like material, is chopped into shorter fragments of such
fibers, to influence or even fix the length of the majority of the
granules produced in this way. This may result in a more
uniform length distribution, with a well-defined narrow peak.
The selection of granules having a required length distribu-
tion may then be applied as a form of quality control.

To arrive at granules being an embodiment of the claimed
invention, a method of selecting granules having the required
length distribution is thus in any case preferably employed.
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One embodiment of such a method uses a length separator
to sort the granules, which comprises a surface provided with
anumber of pre-shaped cavities, each suitable for hosting one
of the granules. Such a surface may be termed a cavitied
surface. The surface is arranged to follow a predetermined
path so that from each cavity a granule hosted therein will fall
out at a drop-out position along the path. Each drop-out
position is determined by the longest dimension of the gran-
ule hosted in the respective cavity.

The length separator further comprises a collector for col-
lecting granules from at least one predetermined drop-out
position. An embodiment of such a length separator com-
prises a rotatable cylinder having an essentially horizontally
oriented axis provided on the interior surface with a number
of cavities, for instance an array of cavities.

The term “essentially horizontally” also comprises
embodiments in which the rotating cylinder is slightly
inclined, e.g. the cylinder may be inclined 1-15 degrees,
suitably 2 to 6 degrees, relative to the horizontal position. The
inclination is typically in the direction of an outlet, such that
the particles treated in the length separator are assisted by
gravity in the movement from the inlet towards the outlet. In
other arrangements, the reverse arrangement is possible, with
the outlet and higher than the inlet end, to maximise dwell
time in the separator.

Although this embodiment of a length separator is very
practical, other embodiments are possible. It is for instance
possible that the surface provided with the pre-shaped cavi-
ties is part of a conveyor belt and/or that the cavities are
provided at an exterior surface of a cylinder. The principles of
operation of other equivalent arrangements, and how they are
to be configured in an effective manner, will be clear to the
skilled person from the present description.

FIG. 1a discloses a schematic drawing of an exemplary
length separator 13. The length separator 13 comprises a
cylinder or mantle 1 internally provided with cavities 2, pref-
erably in the entire circumference thereof. The arrow depicts
the direction of the rotation. Inside the cylinder 1, a trough 3
is provided, as at least part of a collector. When the cylinder is
rotated granules below a certain cut-oft value will be dis-
charged in the trough. FIG. 15 shows a detail of the apparatus
shown in FIG. 1a. The granule 4 is of a length below a certain
cut-oft value and is therefore received by the trough 3, while
the length of granule 5 is above the cut-off value and therefore
remains in the cavitied cylinder.

The cavities in the interior surface of the cylinder are pro-
vided in an array. The cavities may be provided in a pattern or
randomly and the cavities are usually substantially evenly
distributed. Suitably, cavities are Provided in essentially the
entire circumference of the cylinder. For an efficient separa-
tion, cavities are provided along essentially the entire length
of'the cylinder, such as at least 60%, preferably at least 70%
and most preferably at least 85% of the length.

The shape of the cavities may be any geometrical form,
such as cylindrical, teardrop shaped, hemispherical, box
shaped, polyhedral, etc. In a certain embodiment, the cavities
are cylindrical, such that the centre axes of the cavity cylin-
ders are directed towards the rotational axis of the rotating
cylinder. In preferred embodiments, asymmetrical or “tear-
drop” cavities may be provided. In such a “tear-drop” cart of
the cavity, the leading part of the cavity with respect to the
direction of movement of the cavity, is relatively shallow. The
trailing part of the cavity is relatively deep, the deeper part of
the cavity being in the trailing part of the cavity.

Insome configurations, different cylindrical portions of the
cylinder, being relatively displaced axially lengthwise, may
have differently constructed and/or dimensioned cavities in
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order to extract various length fractions; combinations of
different cavities at any particular axial portion are also con-
templated, depending on the selection criteria. The cavities
may be prepared by various methods providing the desired
geometrical shape. Thus, the cavities may be prepared by
embossing, milling, drilling etc. of a surface. The cavities
may be indents, in which case the surface may be referred to
as an indented surface.

The surface which is provided with the number of pre-
shaped cavities is preferably a stainless steel. This has the
advantage that the surface can be cleaned up and prepared to
a standard required for use of the surface within the pharma-
ceutical industry. Furthermore, the cavities can be formed by
local deformation of the surface; forming the cavities by
embossing (or deep drawing) in a stainless steel cylinder is
possible. Such cavities exhibit a particular benefit when gran-
ules of an active pharmaceutical ingredients are treated with
a length separator having such a surface, that as the cavities
have a smooth surface without edges (as opposed to cavities
formed by, e.g., drilling), the granules rarely get stuck in the
cavities and are therefore less prone to breakage.

The geometrical shape of the cavities depends on the
desired separation profile, and thus the distribution of granule
lengths to be obtained. In one configuration, wherein the
surface provided with a number of pre-shaped cavities is part
of'a cylinder, the cavities have parallel to the surface a longest
dimension ranging from 0.5 to 3 mm. In the event a cavity is
cylindrical, this longest dimension corresponds to the diam-
eter. In a preferred configuration, the diameter is between 1 to
3 mm, more preferred 1.5 to 2.5 mm. The diameter is an
important parameter in determination of the so-called cut-off
value, i.e. the value at which larger particles are excluded. In
one configuration, the cavity is tapered along a direction into
which the surface will follow the predetermined path. The
latter configuration is particularly suitable for preventing
granules from being blocked in the cavity. Other variables
which may be adjusted to optimise the effectiveness of the
cavities include depth or cavity and steepness of the cavity
bending edges.

The length separator is advantageously operated at condi-
tions where centrifugal forces exerted on the particulate mat-
ter are not significant compared to the gravitational force. A
centrifugal acceleration may be calculated from w?r, where o
denotes the rate of rotation (in s™) and r the radius of the
predetermined path, or in an advantageous embodiment of the
length separator (in m). The acceleration may be compared
directly to the gravitational acceleration, g, which is of the
value 9.81 m/s®. Thus, for a length separator of 400 mm
diameter rotating at approximately 30 rpm the centrifugal
acceleration exerted on granules in the cylinder will be
around 0.05 m/s*, considerably smaller than the acceleration
due to gravity.

In configurations in which the surface of the length sepa-
rator provided with cavities is cylindrical, the diameter of the
cylinder is typically between 10 cm to 100 cm. The diameter
may be larger in certain embodiments, for example those in
which granules of lower density are processed. Generally,
however, the diameter is selected in the range of to 90 cm,
suitably 40 to 70 cm, to obtain a desired productivity in terms
of amount of granules (kg) treated per hour. The length ofthe
cylinder may be selected in accordance with the desired
capacity. In general, the length is between 10 cm and 200 cm,
suitably 100 to 200 cm and preferably 130 to 160 cm. A
typical relationship between length and diameter is from
0.5:1to 5:1; in presently preferred configurations, from 1:1 to
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3:1. In a particularly presently preferred configuration the
diameter is about 60 cm and the length of the separator is
about 150 cm.

For a configuration where a rotatable cylindrical surface is
provided with cavities, the rate of rotation is generally
selected so as to obtain a sufficient productivity. Generally,
the rate of rotation is selected together with the diameter to
obtain a centrifugal acceleration below V2 g, preferably below
Y10 g, more preferred below Yioo g. In a certain configuration,
the diameter of the essentially horizontally rotating cylinder
is 10 cm to 200 cm and the rotational speed may be selected
in the range of 10 to 100 rpm (revolutions per minute), pref-
erably 20 to 50 rpm, and most preferably 25 to 40 rpm.

The granules discharged from the cavities when the essen-
tially horizontally-oriented cylinder is rotated may be recov-
ered by any suitable means. In one embodiment, the length
separator comprises, as a collector, a trough located in the
cylinder, said trough being capable of receiving granules
discharged at a predetermined drop-out position, i.e. at a
certain elevation of the cavities in which the granules have
been accommodated. Generally, the trough extends over the
entire length of the length separator. Positioning the trough
off-axis of the cylinder may be particularly suitable for col-
lecting a particular length distribution; the position and
dimensions of the trough may be adjusted easily by those
skilled in the art to tune the distribution obtained.

Following collection, the selected granules may then be
conveyed to an outlet for further treatment. In one embodi-
ment of the invention, the granules are transported in a chute
after they have been recovered in the trough. The chute is
connected to the outlet. The chute may be slightly sloped
and/or vibrating to assist the selected granules in the move-
ment towards the outlet. The chute may be a part of the trough
or may be provided separately. In some embodiments, the
trough comprises an upper stationary part receiving the
selected granules and a slightly sloped lower vibrating part
conveying the selected granules towards an outlet. The sepa-
ration of the upper stationary and the lower vibrating part
provides for easy servicing of the apparatus. Other means for
transportation of the selected granules may include a screw
conveyor.

FIG. 1c¢ shows a view of a particular length separator such
as may be usable in one embodiment of the method of the
present invention. The length separator comprises a rotatable
cylinder 1, at the interior surface provided with cavities. The
cylinder 1 is rotated at a constant speed by an electric motor
(notshown). Inthe cylinder a trough is positioned. The trough
consists of an upper stationary trough 6 for receiving the
selected granules and a slightly sloped lower vibrating con-
veyor 7. The selected granules (termed the in-size fraction)
are conveyed in the lower vibrating conveyor 7 of the trough
towards an exit 8. The granules discharged from the exit 8 are
received by a transporter 9. The particles received by trans-
porter 9 are transported to a storage container (not shown).
The remaining granules in the rotating cylinder (termed the
oversize fraction) are discharged to a transporter 10 and con-
veyed to a storage container.

The upper stationary trough 6 of the trough is mounted on
a rotatable axle 11, using bearings. The lower vibrating con-
veyor 7 of the trough is vibrated in axial direction by the
rotation of a disc provided with buttons. The lower trough 6 of
the trough is flexibly mounted on the axle 11 through a plate
spring 12 for holding the vibrating conveyor.

The oversize fraction may be recycled for a further treat-
ment in the length separator. The recycling step may include
that the longer particles are comminuted by milling and
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returned for renewed treatment in accordance with step b).
The granules for recycling may be milled by a conical mill or
similar means.

The granules being embodiments of the present invention
and being obtainable by embodiments of the method of the
invention generally have a narrower granule length distribu-
tion than those obtainable by mere sieving of equivalent start-
ing granular material. Granule size distributions, and the
descriptive statistics thereof, are determined in accordance
with the “Determination of Granule Length Distribution” as
set out in below “Example 2”. Such a method is applicable to
both coated and uncoated particles.

During any of the processing steps from granulation to
selecting granules, small fines may be produced by a process
of friction related attrition. This, however, does not alter the
overall shape of the granules and is certainly not a form of
spheronisation.

The selected granules may be used for the preparation of a
pharmaceutical composition. According to preferred embodi-
ments of the present invention the selection step is followed
by a step of applying onto the selected granules a pharmaceu-
tically acceptable coating material.

Further to the active pharmaceutical ingredient, the gran-
ules may contain one or more pharmaceutically acceptable
binders or fillers or a mixture thereof. Suitable binders
include acacia, gelatin, hydroxypropyl cellulose, hydrox-
ypropylmethyl cellulose, methyl cellulose, polyethylene gly-
col (PEG), povidone, sucrose, starch or a mixture of any of
these. Povidone (polyvinyl pyrrolidone, PVP) is a preferred
binder. Binders may be used in a total amount of 1 to 10, or 2
to 8,0r3to 7, or 4 to 6, or 5% by weight of the granules.
Suitable fillers include inter alia microcrystalline cellulose.
Fillers may be used in a total amount of 10 to 70, or 20 to 60,
or 40 to 50, or 50% by weight of the granules.

Both binders and fillers as well as possible further excipi-
ents are well known to a person skilled in the art and can be
selected in a routine manner.

The granules may be coated in any coating device appli-
cable to the process. The skilled person will readily know
which devices would be suitable for the present process, such
as for example a fluid bed system, e.g. a Kugel coater. In some
embodiments, the coating material is applied to the selected
granules as a solution, and coating of the selected granules is
provided upon evaporation of the solvent. The granules are
preferably coated with a polymer dissolved in a suitable sol-
vent for the polymer, preferably an organic solvent such as
acetone. As the granules selected for coating are unlikely to
further fragment into shorter granules, it is possible to use a
coater in which the forces exerted on the granules are rela-
tively high, so that the coating can occur within a relatively
short space of time.

In order to be able to determine the amount of polymer that
has to be applied to the granules, the surface area is measured,
or known on the basis of earlier measurements carried out for
granules produced and selected in the same way.

Any type of measurement is in principle suitable. However,
usually the measurement will be based on image analysis of a
representative and statistically relevant sample of the selected
granules. The image analysis will further be referred to below.
Based on aknown correlation between the amount of polymer
per surface area and the dissolution rate profile, the amount of
polymer needed can be predicted from the determined surface
area of the granules.

The selected coating polymer inter alia depends on the
desired release pattern, e.g., delayed release or extended
release. Release-modifying coating agents which extend the
release of the active pharmaceutical ingredient include ethyl
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cellulose, carnauba wax, shellac or a mixture thereof. Enteric
or delayed release coating agents include polymethacrylate,
commercially available in the form of Fudragits, e.g.
Eudragit I 100 or Eudragit NE 40 D. When an extended
release pattern is desired, ethyl cellulose is the most preferred
coating agent.

From an article published in 1988 in “Drug Development
and Industrial Pharmacy”, 14(15-17), 2285-2297, by G. Rag-
narsson and M. O. Johansson, it is known that smaller gran-
ules (i.e. granules with a large surface area per volume) would
for a given thickness of the coating, provide a larger release
rate than larger granules (i.e. granules with a smaller surface
area per volume) would demonstrate for the same thickness of
coating. In other words, if the smaller granules should have
the same release rate as the larger granules, then the coating
applied to the smaller granules should be thicker so that the
release rate can be the same for each of these particles. This
highlights the importance of a very uniform granule size
distribution, in particular a narrow aspect ratio distribution
where granules are cylinder-like and have the same cross-
sectional profile and dimension. On the basis of this article
and insights presented in the International Journal of Phar-
maceutics, 63 (1990) 189-199, an article by M. Eriksson, C.
Nystrom and G. Alderborn, both incorporated herein by ref-
erence, a person skilled in the art will be able to establish how
much coating is needed for a given surface area to obtain a
certain release rate. Hence, if the number of those granules are
known and the aspect ratio distribution is known, then the
correct amount of thickness can easily be calculated. If
needed, routine experiments can verify the correctness of the
parameters applied. In less optimal situations, it is also a task
which lies within the standard skills of a developer in this field
to find suitable corrective measures for establishing the opti-
mal amount of coating.

The granule size distribution of the coated granules of the
present embodiment of the invention is similar to that of the
uncoated granules obtainable by the method of the present
invention, as the coating thickness does not have a substantive
influence on the length of the granules, and the granules have
been selected to avoid the occurrence of siaificant fragmen-
tation in the coating process.

The granule size distribution, or the granules aspect ratio
distribution, can be obtained on the basis of microscopy com-
bined with image analysis, for instance as described by Cyn-
thia S. Randall in Chapter 6, Particle Size Distribution, of the
book titled “Physical Characterisation of Pharmaceutical Sol-
ids” edited by Harry G. Brittain, 1995.

In a preferred embodiment, suitable for the treatment of
inflammatory bowel disease, the active pharmaceutical ingre-
dient is S-aminosalicylic acid (5-ASA) or any salt or ester
thereof. The salts of 5-ASA may be acid addition salts, in
particular the hydrochloride, but any pharmaceutically
acceptable, non-toxic organic or inorganic acid may be used.
S-aminosalicylic acid is also known by synonyms including
mesalazine, 5-aminosalicylic acid, 2-hydroxy-5-aminoben-
zoic acid; 3-carboxy-4-hydroxyaniline, 5-asa, mesalamine,
rowasa and S-amino-2-hydroxybenzoic acid, and has the
molecular formula C;H,NO; and a molecular weight of
153.14. It is registered under Cas registry number 89-57-6
and Einecs 201-919-1.

Also salts formed with the carboxylic acid group may also
be used. As examples alkali metal salts (K, Na), or alkaline
earth metal salts (Ca, Mg) may be mentioned; however, any
pharmaceutically acceptable, non-toxic salt may be used. The
Na and Ca salts are preferred.

Applicable esters include e.g. straight chain or branched
C,-C,g alkyl esters, e.g. methyl, ethyl, propyl, isopropyl,
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butyl, isobutyl, amyl, hexyl, heptyl, octyl, nonyl, decyl, lau-
ryl, myristyl, cetyl, and stearyl, etc., straight chain or
branched C,-C,; alkenyl esters, e.g. vinyl, allyl, undecenyl,
oleyl, linolenyl, etc., C5-Cg cycloalkyl esters, e.g, cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl, etc., aryl esters, e.g. phenyl, toluoyl, xylyl, naph-
thyl, etc., alicyclic esters, e.g. menthyl, etc., or aralkyl esters,
e.g. benzyl, phenethyl, etc.

Generally, the selection of the active ingredient depends on
the selected type of formulation, the disease pattern, espe-
cially the site and type of the disease, and the desired release
of the active ingredient.

The physical state and solubility characteristics of the
5-ASA derivatives must be taken into account when selecting
a suitable carrier composition for the ingredient. The pre-
ferred active pharmaceutical ingredient at present is the free
acid, 5-aminosalicylic acid.

The effective oral dose depends on the extent of the disease
and for adults usually amounts to 0.5-1.0 g four times a day,
or alternatively 2.0-4.0 g once daily. Generally about 20
mg/kg body weight of 5-ASA or a salt or ester thereof (cal-
culated as 5-ASA) will be the recommended initial daily
dosage subject to adjustment in accordance with the observed
results of the treatment.

At present, the preferred release pattern is a continuous
release following arrival in the small intestine. This release
was originally designed so as to enable the pharmaceutical
composition, e.g. Pentasa®, to be effective against both
Crohn’s disease and ulcerative colitis.

However, in case it should be desirable to secure an early
release in the small intestine (in the case of Crohn’s disease)
or a delayed release until arrival in the colon (in the case of
ulcerative colitis), the release pattern can be controlled by
varying different parameters of the coating. The skilled per-
son will be able to readily determine how such release con-
ditions may be achieved; nonetheless, for the sake of com-
pleteness the skilled person may find the disclosure of WO
81/02671, which is hereby incorporated by reference, of
some benefit in achieving a particular release profile.

In a certain presently preferred method, the granules com-
prise 5-ASA. Thus, the granules may be prepared by wet
mixing of 5-ASA with a solution of a binder, such as polyvi-
nylpyrrolidone (PVP, Povidone) in water (e.g. 21.3% w/w).
Specifically, 5-ASA and an aqueous solution of PVP are
mixed and added to the extruder. Alternatively, 5-ASA and
the aqueous solution of PVP may be mixed in the extruder. In
either case, the wet mass consisting of 5-ASA and PVP is
extruded through a screen and allowed to fall into the device
for drying of the wet granules.

The aqueous solvent is preferably water of a suitable qual-
ity, but may contain additives, such as chelating agents, anti-
oxidants, reducing agents, buffers and pH adjusting agents.

The granules comprising 5-ASA as the active pharmaceu-
tical ingredient may specifically be prepared as described in,
e.g., WO 97/23199, WO 03/032952 or WO 2004/093884,
incorporated herein by reference. In one particular embodi-
ment, the granules contain prior to coating 5-ASA and binder
only, as described in WO 2004/093884.

In certain aspects the present method is utilised for the
preparation of prolonged release tablets, sachets or capsules
useful for the treatment of ulcerative colitis or Crohn’s dis-
ease. In one embodiment, the coating material is a cellulose
derivative, such as ethyl cellulose. In some tablet embodi-
ments, the excipients comprise a tablet carrier, such as micro-
crystalline cellulose, a lubricant, such as magnesium stearate
and optionally further excipients such as talc.
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In the below disclosure, including Examples, we will dem-
onstrate how pharmaceutical preparations being embodi-
ments of the present invention and comprising the advanta-
geous granules of the present invention have improved
properties compared with those having granules not falling
within the scope of the claims

Comparative Example A

Production of Granules for Tablets Comprising
5-ASA (Water Based Granulation Process)

The manufacturing process for 5-ASA tablets can be
divided into a number of steps: preparation of granulation
liquid; mixing of 5-AS A with water and PVP; extrusion; fluid
bed drying; milling; sieving; coating; sieving again, purging,
dry blending with excipients, and compression to tablets

Step 1: For one batch of granulation liquid 116.4 kg of
water was filled into a Mailer drum. The mixer was put into
position and started. 32 kg of PVP was slowly sprinkled onto
the water and the mixer was allowed to run a fixed time until
all PVP was dissolved.

Step 2 and 3: 640 kg of 5-ASA was placed in a vibrating
Prodima hopper and by the use of a conveyor the 5-ASA was
transported up to a weight belt feeder dosing the 5-ASA into
acontinuous production line. In the first part of the production
line the 5-ASA and the water solution of PVP were mixed to
a wet mass before being transported into the extruder. After
extrusion of the wet mass of' 5-ASA and PVP/water through a
screen mesh 0.9 mm, the granules fell directly into the fluid
bed dryer.

Step 4: The fluid bed dryer was divided into two main
sections. In the first section, the granules were dried on the
surface to prevent them from sticking together. In this section
of the fluid bed, a random mixing of the granules took place.
After a certain residence time, the granules were moved into
the second part of the dryer where the actual drying took
place. In the second part of the dryer the granules were guided
by the use of the drying air through the dryer.

When the granules were dry they were allowed to fall into
a drum placed under the fluid bed. The fluid bed was con-
structed in such a way that the overall dwelling time in the
fluid bed was approximately 2 hours.

Step 5: The drums containing the dry granules were placed
upside down on top of the mill and the granules were gently
milled using a screen. After passing the mill, the granules
were allowed to fall into a drum.

Step 6: The granules were sieved using a Mogensen vibra-
tion sieve with screen dimension 0.8 mm. Granules which
passed the screen were discarded.

Step 7: 200 kg of sieved granules were coated in a Kugel
coater, being a fluid bed system, with a coating liquid con-
sisting of ethylcellulose dissolved in acetone.

In order to be able to determine the right amount of poly-
mer necessary to apply on the granules to get the desirable
dissolution rate profile, the surface area of the granules was
measured prior to the coating process. The prediction of the
quantity of polymer that was necessary to apply on the gran-
ules has been developed based on the fact that there is a
correlation between the amount of polymer per surface area
and the dissolution rate of the granules. Once the surface area
characteristics for a given granulation size distribution is
known, the calculated quantity of polymer may be repeatedly
used on comparable batches of granules. After finishing the
coating process, the coated granules were loaded into a drum
for further processing.
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Step 8: After the coating process, the coated granules were
sieved in a Prodima rotation sieve. Large lumps were dis-
carded.

Step 9: After sieving, the batch of coated granules was
divided into two drums for purging with compressed air or
nitrogen. The granules were purged for 6-14 hours, although
shorter times, such as 30 minutes, are also considered reason-
able in practice. This purging process was necessary to reduce
the amount of residual solvent (acetone) in the coated gran-
ules.

Step 10: 178.56 kg coated Pentasa granules were weighed
out and loaded into the Prodima blender together with 69.34
kg microcrystalline cellulose. After mixing for 210 seconds
the blender was stopped. 0.335 kg magnesium stearate and
3.02 kg talc were added to the blend and the ingredients were
mixed for 90 seconds. The blend gave approximately 335,000
tablets.

After mixing the blend was discharged into Muller drums
ready for compression.

Step 11: The final blend of coated granules and excipients
was compressed on a rotary tabletting machine. Weight of
each of the tablets: 750 mg. Dedusting of the tablets was
performed as an in-line process with the tabletting machine.
After dedusting the tablets were loaded into bulk containers
holding approximately 30,000 tablets each.

Comparative Example B
Preparation of 5-ASA Granules for Sachets
A batch for the production of 180,000 sachets of prolonged
release granules was provided as outlined below, using the

quantities indicated in Table 1.

TABLE 1

Ingredients for 5-ASA granules for sachets.

Constituents Quantity Specification
5-ASA 180 kg Ferring

PVP 9 kg Ph. Eur.
Water, 33.3 kg* Ph. Eur.
purified

Ethyl 1.9 kg** Ph. Eur.
cellulose

Acetone 188 kg* Ph. Eur.

*Evaporates during production.
**The amount of ethylcellulose was adjusted to ensure the desired dissolution profile of the

finished product.
4 Ph. Eur. refers to the current edition of the European Pharmacopeia at the time of filing of
the present application.

The manufacturing method followed closely the manufac-
turing method described in Example A, with some modifica-
tions. In Particular, no tablets were made, so no dry blending
with excipients was performed (Step 10) and no tableting
performed (Step 11). Also, the amount of ethylcellulose is
reduced as there is no compaction to a tablet, and thus a
reduction in the amount of coating applied is needed to obtain
the desired dissolution profile.

The manufacturing process for the formulation can be
divided into a number of steps: preparation of granulation
liquid; granulation of 5-ASA with water and PVP; extrusion;
fluid bed drying; milling; sieving; coating; sieving; and purg-
ing.

Thus, the process for the manufacture of granules for
sachets differs from the tablet process in step 7 as explained
below, and steps 10 and 11 of Example A were not included.
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Step 7: When the coating step was performed and followed
by production scale sieving acceptable release characteristics
were achieved. After finishing the coating process, the coated
granules were loaded into a drum for further processing.

This batch provided granules with the composition listed in
Table 2,

TABLE 2

Composition of granules for sachets

5-ASA 94.3% by weight
PVP 4.7% by weight
Ethylcellulose 1.0% by weight

Example 1

Demonstration of Classification of Granules by
Cavitied Cylinder Separator

Two batches of uncoated granules of 5-ASA were pro-
duced according to comparative Example A (i.e. the product
of Step 6), and these granules were applied to a laboratory
scale cavitied cylinder length separator.

The separator had a rotatable cylinder having a diameter of
400 mm and a length of 500 mm; the inclination of the
cylinder was fixed at 4° and the rotational speed of the rotating
cylinder was 32 rpm. The cylinder was provided with a steel
mantle embossed with tear-drop shaped cavities. In other
words, the cavities had the shape of half-spheres or half
teardrops as cross-sectioned along their axes. The cavity is
oriented with its axis along the direction of the predetermined
path which the surface is arranged to follow; in this case the
axis is oriented along the tangential direction of the cylinder.

Initially, granules from one batch were applied to the cavi-
tied cylinder separator furnished with cavities of 1500 pum,
1750 pum or 2000 um diameter, respectively. The length dis-
tribution of the starting material was similar to that shown in
FIG. 2, and the results of the classification experiments are
shown in FIGS. 3a to 3¢ showing the length distributions of
the trough and the rotating cylinder fractions. Examples of
granules obtained in the trough and the rotating cylinder
fractions are depicted in FIGS. 4a and 45 respectively.

Therefore, it is demonstrated that such a method is capable
of discriminating long granules from shorter granules, and
that the distribution of lengths, and thus aspect ratios, obtain-
able from this method is sharply defined.

Example 2
Determination of Granule Length Distribution

The Granule Length Distribution can be determined by any
suitable method. Although each method may have its own
shortcomings, it is usually possible to correct for these, so that
a suitably accurate result can be obtained. In general it will be
possible to verify the outcome by a manual assessment of the
length of each granule, using for instance microscopy. This
would then also provide the corrective measure to improve
the accuracy of the method employed. A convenient, accurate
and more automatic determination is based on image analy-
sis.

The median length and the amount of granules >2000 um
may be determined by using a method of image analysis,
distributing the granules on a presentation plate by vibration.
This method was selected for the present example. The equip-
ment used was a fully automated image analysis equipment,
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known by the trade name of VideometerLabXY. The mea-
surements were performed by backlight using a 1600x1200
pixel black and white camera with a pixel size of 0.024 mm.
The lens used on the camera was a multispectral lens with a
magnification of 1. The presentation plate had a size of 23x29
cm and the granule density was approximately 12 granules/
cm?®. The sample measured was approximately 8000 gran-
ules.

The image analysis was performed by scanning the presen-
tation in a raster manner with an overlap between the indi-
vidual images of 500 um. The images were analysed indi-
vidually, overlapping granules were excluded and duplicate
granules already detected in a previous image were neglected.
A Hough circle transformation filter was used to detect and
exclude standing granules. The entire presentation plate was
covered by 10x10 images. The software determined the
length of a granule by a bounding box principle, not using a
principal axis measure since this provides statistically
“noisy” results due to a substantially rectangular shape of the
granules.

Of course, in certain embodiments in which a particularly
large number of granules have aspect ratio close to or less than
1, a significantly higher proportion of granules will be found
in measurement to be standing on end and will thus be
excluded by the Hough circle filter. The skilled person will
recognise such results, and will understand that in such cases,
the measured aspect ratio distribution, determined by the
above method, will exclude such granules from the count and
the distribution. Nevertheless, even in such cases the benefits
ot having the measured aspect ratio distribution as defined in
the claimed invention will apply, as those particles of aspect
ratio close to 1 are considered to be statistically far less likely
to suffer undesirable fracture events during coating. In such
cases, the skilled person will still recognise such an embodi-
ment as lying within the scope of the present invention, even
if a significant proportion of granules have been excluded
from the measurement. In many cases encountered in prac-
tice, however, the proportion of granules so excluded is gen-
erally expected to be small, and thus not to significantly affect
the measured distribution.

It is also possible that extra effort is made to obtain the
length of each of the granules, thus also those standing on one
end. For instance a method of tracing these in the image and
manipulating these for “manual” assessment of the length,
using microscopy, is not inconceivable. Obtaining a correc-
tion value that can then be applied to the more automatically
formed data is envisageable. A fully manually carried out
assessment of the length of each granule will of course allow
for a very accurate determination of the length distribution,
respectively aspect ratio distribution.

The following data was measured on every granule and
presented in an output file: bounding box length; bounding
box width; area; ferret diameter, max; ferret diameter, min;
theoretical surface area; theoretical volume.

The data generated in summary for the entire sample was
median of bounding box length; D10 of bounding box length;
D90 of bounding box length; span of bounding box length;
theoretical specific surface area; count percentage >2000 pum;
number of particles analysed.

Ferret diameter was calculated based on an angular reso-
Iution of 5 and all values are given in mm with a resolution of
0.01 mm.

Span is calculated as (D90-D10)/D50, where D90 and D10
are the 90” and 10” percentiles of the distribution, respec-
tively, and D50 is the median.

Derivable from any of the bounding box length values and
distributions are corresponding aspect ratio values and distri-
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butions, obtainable by dividing the bounding box length by
the extruded granule diameter.

The granule length characteristics of the materials obtained
using the three different rotating cylinders as set out in
Example 1 and measured by the method of the present
Example are summarised in Table 4. In each case, the gran-
ules were passed once through the cavitied cylinder separator.

All given data, values and summary statistics unless oth-
erwise stated refer to number or count of granules rather than,
for example, values per unit mass or per unit volume.

TABLE 4

Granule characteristics of selected granules.

Cavity ~ Median
size length % > % <
Batch Fraction (nm) (um)  Span 2000 um 2000 pm

1 Trough 1500 1264 0.76 8.5

Cylinder 1500 2079 0.81 45.6
1 Trough 1750 1136 038 0.3

Cylinder 1750 2008 0.89 49.8
1 Trough 2000 1530 042 1.18

Cylinder 2000 2342 0.63 25

Two different batches were then each passed through the
cavitied cylinder for 5 consecutive cycles, i.e. after each cycle
of classification the cylinder fraction was passed through the
cavitied cylinder separator again and the trough fractions
weighed and eventually pooled. A cylinder with 2000 um-
diameter tear-drop shaped cavities was used in this process.
The results are summarised in Table 5.

TABLE §

Granule characteristics of selected granule

10

20

25

30

35

22
TABLE 7

Specific surface areas of 5-ASA granules before and after classification
by 5 cycles through a cavitied cylinder separator equipped with a
cylinder with 2000 pm tear-drop shaped diameter cavities.

Specific surface area

Batch Fraction (em?/g)
1 Starting material 63.4
Trough 65.5
Cylinder 61.0
2 Starting material 63.1
Trough 63.5
Cylinder 62.4

The classification experiments performed showed that the
cavitied cylinder separator was capable of producing an in-
size fraction with a median granule length of ~1500 pm and a
span of ~0.5. This is by far superior to the sieving technique
which produced granules with a median length of 1800-2000
um and a span of ~0.8. The cavitied cylinder separator was
thus able to produce a fraction of granules with a smaller
median length and a much more narrow size distribution.
Furthermore, the specific surface area obtained by fraction-
ating granules in the cavities cylinder separator showed a
higher specific surface area for the trough (in-size) fraction
than for the cylinder fraction.

Example 3

Influence of Parameter Values on Cavitied Cylinder
Separator Classification Process

To further describe the influence on different operating
parameters on the outcome of the cavitied cylinder separator
classification, another set of experiments was performed
using a batch of uncoated 5-ASA granules (produced accord-
ing to comparative Example A). The cavitied cylinder sepa-

Cavi Medi : . : . :
::;:y l;gﬁn %> 04 < rator was equipped with a cylinder with 2000 pm-diameter
Batch TFraction (um) (um) Span  2000pm 2000 pm tear-drop shaped cavities, and the granulate was classified in
40 3 consecutive cycles conducted as described in Example 1.
1 Trough 2000 1530 042 1.2 . . .
Cylinder 2000 3517 050 76 During the experiments different values for the feed rate and
2 Trough 2000 1484 054 27 the rotational speed were tested. The results obtained by
Cylinder 2000 2426 0.49 6.7 weighing the different fractions are summarised in Table 8.
. . . 45 TABLE 8
For batch 2, 17.5 kg of starting material was applied to the
cavitied cylinder separator, and the results achieved by Mean and relative standard deviation of final
weighing each fraction from each cycle of the 5-cycle process measurements. Th; 1?55100411?1;1; is t/he fracltliobli/Percthage
: : removed O C D70 W/W avaitlable
are summarised in Table 6. Settings Moan RSD 0% of the
50
TABLE 6 RPM Feed rate (kg) (%) (%) available
Removed fractions of 5-ASA granules in 5 consecutive cycles 36 56 38.3 0.9 90.5
of separation in a cavitied cylinder separator equipped with 25 56 38.2 1.9 89.8
a cylinder with 2000 um diameter tear-drop shaped cavities. 36 3 303 0.7 71.4
55 25 3 40 1.8 94.6

Run no. Weight (g) Percentage Cumulative percentage
1. 2970 24 24
2. 1200 9.7 33.6
3. 375 3 36.7
4. 260 2.1 38.8
5. 110 0.9 39.6

The specific surface areas of each of the two fractions of
granules were measured after 5 cycles through the separator
with the cylinder with 2000 um diameter tear-drop shaped
cavities and compared to corresponding values for the start-
ing materials. The results are presented in Table 7.

60

From Table 8 it can be seen that the output was influenced
by the rotational speed of the cylinder at a low feed rate, while
the output observed at a high feed rate was unaffected by the
rotational speed of the cylinder.

The granule length distribution of experiments performed
at high feed rates and different rotational speeds were deter-
mined to evaluate if the output of the cavitied cylinder was
consistent regardless of the rotational speed of the cylinder.
The length distributions of the resulting granules were deter-
mined by image analysis as per Example 3 and are sum-
marised in Table 9.
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TABLE 9

Granule length characteristics of the
starting material and trough fractions

Settings Median, Percentage larger
RPM Feed rate (kg) length (um) Span  than 2000 pm (by weight)
Starting material 1869 0.98 57.7
36 56 1468 0.57 3.9
25 56 1409 0.58 2.6

The overall conclusion on the capacity and efficiency is
that regardless of the feed rate and rotational speed the cavi-
tied cylinder was capable of extracting ~90% of the granules
available in the size range desired. The granule length distri-
bution of the trough fraction was in the size range desired.

Example 4
The Effect of the Sorting Method on Coating

Breakage of the granules during the coating step may be
problematic due to difficulties arising in predicting the disso-
Iution profile of the coated granules. This is relevant for both
manufacturing processes described in comparative Examples
A and B. In order to examine how the method of the present
invention affects the subsequent coating procedure in com-
parison to the method of comparative Example A, a set of
experiments was set up.

A batch of granules was prepared as described in compara-
tive Example A, and the length distributions before and after
coating were measured. Uncoated granules from the batch
were classified in a cavitied cylinder separator and then
coated as described in comparative Example A. The cavitied
cylinder separator employed in the experiment contained an
array of tear-drop shaped cavities of 2000 um size. Length
distributions of uncoated granules classified by treatment
with the cavitied cylinder separator and of the length sorted
granules after coating were measured. The results of the
length distribution measurements are shown in FIG. 5.

From FIG. 5a it is seen that the range of the granule length
distribution was narrowed from 645-4900 um to 600-2500
um by the coating process of the current method. This shows
that long granules were broken during the coating process.
The median length was reduced from 1954 um (RSD 7.3%) to
1441 pm (RSD 4.5%). The result of this breakage was an
unpredictable outcome of the coating process. In contrast, the
granules produced using the method of the present invention
do not suffer from this drawback as seen in FIG. 5b. These
results are considered to hold for any granule having a micro-
structure much smaller than the granule diameter, and par-
ticularly for granules of pharmaceutical preparations having a
diameter of between 0.25 mm and 2.5 mm.

Example 5
In-Vitro Dissolution of Coated 5-ASA Granules

This example investigates the effect of the cavitied cylinder
separator classification of 5-AS A granules on the variation of
their dissolution behavior. Thus, the variation in dissolution
of cavitied cylinder separator classified granules for a sachet
(“PENTASA 95% sachet granules™) is compared with that of
unclassified granules for a tablet (“PENTASA tablet gran-
ules”). The classified granules, prior to coating, had a median
aspect ratio of 1.4 and span of 0.6.
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Tablet granules are generally coated with an excess of
coating (ethylcellulose) compared to the sachet granules in
order to compensate for the effect of the subsequent compres-
sion step. For comparing the dissolution of the coated, dried
and sieved tablet granules with the sachet granules, samples
of the tablet granules are withdrawn during the spraying
phase, after an amount of coating has been applied that cor-
responds to the coating amount applied on the sachet gran-
ules. The data sets are therefore directly comparable in all
relevant factors.

Ten samples of (unclassified) coated PENTASA tablet
granules were withdrawn from routine production batches.
Eight samples of classified and coated PENTAS A 95% sachet
granules were withdrawn from test and validation batches.
Following an in-house test protocol, the in-vitro degree of
dissolution of each of the samples was determined as a func-
tion of time. Data analysis was carried out with the Minitab
15.1.1.0 software, developed by Minitab Inc., USA.

The 90 minutes dissolution results and the respective sta-
tistics are summarized in Table 9 below.

TABLE 9

Statistics for the dissolution (90 minutes) of coated PENTASA

95% sachet and PENTASA tablet granule batches for samples withdrawn
during the spray phase at a coating factor of 2.0 - 107
Mean

Type n  dissolution  Variance S.D. R.S.D.
PENTASA 95% 8 34.1% 19.0 4.4% 12.9%
sachet
PENTASA 10 40.1% 157.0 12.5% 31.2%
tablet
granules

S.D. = standard deviation; R.S.D. = relative standard deviation

At 12.5%, the standard deviation of the dissolution of
comparative PENTASA tablet granules is 2.8 times larger
than that of PENTASA 95% sachet granules obtained in
accordance with the present invention (4.4%). Moreover, the
variance (spread) of the dissolution results for the inventive
product is much more narrow (19.0) than for the comparative,
unclassified product (157.0).

For the PENTASA 95% sachet and PENTASA tablet gran-
ule samples, the distributions of the dissolution results are not
significantly different from normal distributions (see FIG.
6a). Thus, the Anderson-Darling test for correspondence of
the distributions with a normal distribution gives p=0.32 for
PENTASA 95% sachet and p=0.12 for PENTASA tablet
granules.

Since the dissolution results suggest a normal distribution
(see FIG. 6a), the variations in dissolution of PENTASA 95%
sachet and tablet granules can be compared using an F-test.
The F-test demonstrates that the variation in dissolution of
coated PENTASA 95% sachet granules is significantly lower
than the variation in dissolution of coated PENTASA tablet
granules (p=0.01) (FIG. 6b).

Having further optimised the process for manufacturing
scale, six batches of uncoated PENTASA sachet granules
(fractionated) and eight batches of uncoated PENTASA tablet
granules (unfractionated, sieved) prepared in a comparable
manner to those set out above in the instant Example were
analysed for length distribution as set out in Example 2.
Aspect ratio distributions were calculated based on the length
distributions with length having been divided by the extruded
diameter of the granules (0.8 mm). The results are shown
graphically in FIG. 7, and the statistics pertaining thereto are
summarised in Table 10, the data of Example 5 being included
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for comparative purposes also. It is evident from these figures
that the distribution of unfractionated (sieved) tablet granules
is more sharply peaked with a considerably smaller tail
extending beyond the median value.

TABLE 10

Statistics for the aspect ratio distribution of uncoated
PENTASA sachet and PENTASA tablet granule batches.

PENTASA 10
sachet

(fractionated)

PENTASA
tablet
(unfractionated)

Aspect
ratio
statistic

Example 5
granules
(fractionated)

D10
Median/D50
Span
D90 2 2

15

A reduction in such a tail contributes to the advantageous
properties of granules being embodiments of the present
invention. Of course, a smaller improvement is observed with
a smaller reduction in the tail. Accordingly, the characteristic
values set out above represent the preferred embodiment.

However, as noted in the Summary of the Invention, and as
set out in the appended claims, granule distributions which
exhibit any sharply peaked distribution and reduced tail are
also of value, and exhibit some improvement in the dissolu-
tion properties over and above the dissolution properties of
granules not falling within the scope of the claimed invention.
It will be within the ambit of the skilled person to vary the
parameters of the selection method used to arrive at a phar-
maceutical preparation falling within the claimed scope. The
skilled person will also undoubtedly be able to arrive at the
claimed pharmaceutical preparations with a variety of selec-
tion methods. However, it is the granules themselves having
the required distribution properties which are considered to
impart many of the benefits of the invention, regardless of
how they are produced and selected.

Particularly, embodiments wherein at least 80% by number
of'the granules, preferably 85%, most preferably 90% have an
aspect ratio less than 2.2, preferably less than 2.1, most pref- 40
erably less than 2 are considered to exhibit degrees of
improvement in the dissolution properties of the pharmaceu-
tical preparation through the reduction in the tail above the
median. In some cases, it may be desired to narrow the dis-
tribution further, and embodiments wherein 80%, 85% or 45
even 90% of granules have aspect ratio less than 1.9, 1.7, 1.5
or 1.2 may also be preferred.

Similarly, embodiments wherein at least 80% by number of
the granules, preferably 90%, most preferably 95% have an
aspect ratio greater than 0.7, preferably greater than 0.9, most 50
preferably greater than 1.0 are also considered to exhibit
improvements in the dissolution properties of the pharmaceu-
tical preparation through reduction in the tail below the
median.

The percentages referred to above include percentages 55
within a range of plus/minus 10%. At least 80% is therefore
also considered to include 70%. Embodiments wherein the
granules have a median aspect ratio below 1.7, preferably
below 1.6, most preferably below 1.5 are also considered to
exhibit improvements in the dissolution properties of the 60
pharmaceutical preparation through improvements in the
centering of the distribution around a preferred value. In some
cases, it may be desired to bring the median aspect ratio as
close to 1 as possible, and so embodiments having a median
aspect ratio below 1.4, 1.3, 1.2 or 1.1 will also be preferred. 65

And yet, embodiments wherein the granules have a span of
the aspect ratio less than 0.9, preferably less than 0.8, most
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preferably less than 0.7 are also considered to exhibit
improvements in the dissolution properties of the pharmaceu-
tical preparation through improvements in the central sharp-
ness of the distribution. Similarly, if it is preferred to bring the
median aspect ratio particularly close to 1, it may also be very
useful to apply the techniques of the present invention to
produce embodiments having span of the aspect ratio lower
than 0.5, lower than 0.4 or even lower than 0.3.

In cases where the pharmaceutical preparation is provided
in sachets, the amount of granules per sachet can be about 2
grams, corresponding to about 2000 granules. However, also
other amounts may be suitable for oral dosage.

All such embodiments can be realised in methods as dis-
closed above, with suitable parameter choices which are well
within the ambit of the skilled person.

The invention claimed is:

1. A pharmaceutical composition comprising coated non-
spherical extruded granules comprising S-aminosalicylic
acid, prepared by applying a pharmaceutically acceptable
coating to uncoated, non-spherical extruded granules com-
prising 5-aminosalicylic acid and having a length along an
axis of extrusion and a cross-sectional dimension of extru-
sion, wherein said uncoated granules are selected for coating
such that at least 80% by number of said uncoated granules
have an aspect ratio of said length to said cross-sectional
dimension of greater than 0.7 and less than 2.2.

2. The pharmaceutical composition according to claim 1,
wherein said uncoated granules further comprise one or more
pharmaceutically acceptable binders, fillers, or mixtures
thereof.

3. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise one or more phar-
maceutically acceptable binders selected from the group con-
sisting of acacia, gelatin, hydroxypropyl cellulose, hydrox-
ypropylmethyl cellulose, methyl cellulose, polyethylene
glycol (PEG), polyvinyl pyrrolidone (PVP), sucrose, starch,
and mixtures of any thereof.

4. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise PVP.

5. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise one or more binders
in a total amount of from 1 to 10% by weight of said uncoated
granules.

6. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise one or more binders
in a total amount of from 4 to 6% by weight of said uncoated
granules.

7. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise a pharmaceutically
acceptable filler comprising microcrystalline cellulose.

8. The pharmaceutical composition according to claim 2,
wherein said uncoated granules comprise one or more fillers
in a total amount of from 10 to 70% by weight of said
uncoated granules.

9. The pharmaceutical composition according to claim 1,
wherein at least 80% by number of all of said granules in the
composition have an aspect ratio of said length to said cross-
sectional dimension of greater than 0.7 and less than 2.2.

10. The pharmaceutical composition according to claim 1,
wherein a median aspect ratio of said length to said cross-
sectional dimension of all of said granules in the composition
is greater than 1.1 and less than 1.7.

11. The pharmaceutical composition according to claim 1,
wherein a span of aspect ratio of said length to said cross-
sectional dimension of all of said granules in the composition
is less than 0.9.
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12. The pharmaceutical composition according to claim 1,
wherein the pharmaceutically acceptable coating is a delayed
release or extended release coating.

13. The pharmaceutical composition according to claim 1,
wherein the pharmaceutically acceptable coating comprises 5
one or more components selected from the group consisting
of ethyl cellulose, carnauba wax, shellac, and mixtures
thereof.

14. The pharmaceutical composition according to claim 1,
wherein the pharmaceutically acceptable coating comprises 10
ethyl cellulose.



